Background: Low pre-pregnancy BMI is considered a marker for minimal nutrient reserves, fetal growth restriction and adverse pregnancy outcome. This study was conducted to evaluate the influence of pre pregnancy BMI on fetal growth parameters.
Introduction
The most suitable objective anthropometric indicator of nutritional status of the adult is Body mass Index (BMI).
This anthropometric indicator, derived from measures of weight and height of individuals, is consistently and highly correlated with body weight (or energy stores within the body) and is relatively independent of the height of the adult [1] . Data on BMI are relatively easy to collect and inexpensive to analyse. BMI, defined as weight in kg divided by height in meters squared [weight/(height) 2 ], is still considered a simple, useful index for evaluating pre- recommended BMI-based weight gain during pregnancy [3] . Pre-pregnancy BMI is reportedly associated with pregnancy outcomes as an independent factor [4, 5] Low pre-pregnancy BMI is considered a marker for minimal nutrient reserves, fetal growth restriction and adverse pregnancy outcome [6] . The present study was conducted to evaluate the influence of maternal height, weight and pre pregnancy BMI on fetal growth parameters (fetal weight, length, ponderal index, chest circumference, head circumference and arm circumference) at birth.
Methods
After ethical approval and written consent from participants a hospital based prospective observational study was carried out in the department of Obstetrics and Gynecology of Mahatma Gandhi Institute of Medical Sciences, Sevagram, a rural based tertiary care hospital in eastern Maharashtra in central India. Pregnant women in the first trimester , amenable for follow up, who visited the outpatient department (OPD) or who were admitted in the maternity wards of the study site were recruited. over a period of 24 months (1 st December 2012 to 30 th November 2014). 500 consecutive, consenting pregnant women, regardless of age and parity, having singleton pregnancy participated.
Detailed history was taken regarding socio-demographic characteristics like age, area of residence, gravidity, parity, booking status, literacy and socioeconomic condition. Maternal pre-pregnancy weight were recorded during her first antenatal visit in first trimester in kilograms on single, digital weighing machine. The woman was allowed to stand barefoot and motionless on the scale and weight was recorded to the nearest 100 gm. Zero error was checked for and removed every time if present. During the first 13 weeks of gestation a weight gain of around 1.7% can be assumed [7] . Thus, 250 gm was subtracted from the weight measured in first trimester to obtain the recording of pre pregnancy weight (PPW). Obese ≥ 30 Table 1 : WHO classification for BMI [8, 9] .
Further antenatal monitoring of the woman was done as per standard protocol without any interference from the research study. Planning and advice of pregnancy and any interventions took place as per the consultant who was looking after the woman and her pregnancy.
Newborn resuscitation and care was looked after by Paediatrician and adverse events if any were recorded. The naked baby was placed on an electronic weighing machine and birth weight was measured to the nearest 10 gram.
Birth length, chest circumference, head circumference and arm circumference were measured in cm by using measuring tape. Ponderal Index was calculated by the formula,
The data was entered in a spread sheet (Excel). Statistical analysis was done by using Descriptive and Inferential statistics using chi-square test, z-test, one-way ANOVA and multiple logistic regression analysis. The soft-wares used in the analysis were SPSS 17.0 version and Graph Pad Prism 5.0. The proportions were compared by chi square test. Multivariate logistic regression models were used to find out independent association of prognostic factors. A two-level P value <0.05 was considered as statistically significant.
Results
The present hospital based prospective observational study was done in a rural based tertiary level institute. A total of 574 singleton pregnant women in first trimester, after fulfilling inclusion and exclusion criteria were enrolled for the present study of which 481 (83.9%) came for follow up on their own and 19 (3.3%) turned for final follow up after personal phone call and home visit by auxillary nurse midwife (ANM). Thus, data of 500 study participants could be finally analysed. An overview of the data showed that there was no macrosomic baby (Birth weight more than 4000 grams) in the study. The magnitude of low birth weight (LBW) babies was seen to be high. Thus, after initial descriptive statistics, study participants were grouped into those giving birth to low birth weight babies (below 2500 gm) and normal weight babies (above 2500 gm) for inferential statistics [9] .
The maternal mean Pre-pregnancy weight, height and Pre-pregnancy BMI were 47 ± 5.77 kg, 154.43 ± 5.39 cm and 19.78 ± 2.56 kg/m 2 respectively ( Table 2 ). The mean pre-pregnancy weight in the LBW group was 45.52 ± 3.90 kg as compared to 47.57 ± 5.60 kg in normal birth weight group with a statistical significant difference ( P value =0.0001).
The mean height in LBW was 153.84 ± 4.72 cm, whereas in the normal birth weight group it was 154.71 ± 5.67 cm.
By using Z-test statistically no difference was found in maternal height in both the groups (Z =1.685, P=0.093). The mean Pre-pregnancy BMI in the LBW group was 19.25 ± 1.68 kg as compared to 19.98 ± 2.60kg in normal birth weight group with a statistically significant difference (z=3.75, P=0.001, z =25.15, P=0.000) ( Table 3 ). Among Low birth weight group, by using Pearson correlation coefficient, positive correlation was found between pre pregnancy maternal weight, BMI with neonatal weight, neonatal length, chest circumference, head circumference and arm circumference. The association was negative with neonatal ponderal index (Table 4 ). Maternal height was found to be positively correlated with neonatal length, chest circumference and arm circumference and negatively with neonatal head circumference , but significantly negative with neonatal weight and neonatal ponderal index (Table 4 ).
Parameters N Minimum Maximum Mean SD
In normal birth weight group, of total 338 patients whose birth weight was >2500 gm, by using Pearson correlation coefficient, positive correlation was found between pre pregnancy maternal weight and BMI with neonatal weight, neonatal length, neonatal ponderal index, chest circumference, head circumference and arm circumference. The association was negative with arm circumference ( Multiple regression analysis showed that pre -pregnancy weight is significantly associated with low birth weight.
The adjusted odds ratio for developing LBW decreases significantly with increasing pre-pregnancy weight. This is not true with pre-pregnancy BMI ( Table 7) . When sensitivity and specificity at each point was calculated ,as in pre pregnancy weight <35, <40, <45, <50, <55, <60, <65 kg, it was found that as the weight of women increases sensitivity of detection of low birth weight increases and specificity decreases (Graph 3). And at one point it meets which is designated as values at the point of interaction. This is the cut-off point above which sensitivity is maximum and below which specificity is maximum.
Variables
Cut off point in pre pregnancy weight was <45 kg, and pre-pregnancy BMI was 19.5 Kg/m 2 (Graph 4). [22] did not find significant correlation between BMI and low birth weight.
Predictive ability
In a meta-analysis done by Zhangbin Yu et al. [23] 2013, in comparison with a mother with a normal BMI, the results from this analysis revealed that pre-pregnancy underweight increased the risk of SGA (OR, 1.81; 95% CI, 1.76-1.87; P<0.001), in contrast, pre-pregnancy overweight or obesity decreased the risk of LBW in the metaanalysis (OR, 0.83; 95% CI, 0.81-0.84; and OR, 0.81; 95% CI, 0.80-0.83; P<0.001). According to the Norwegian study pre-pregnant BMI alone is an important predictor of birth weight, the authors reported that for every increase of 1 kg in pre-pregnancy BMI, there was an increase in birth weight of 25.9 g (95% CI, 25.0-26.9). For every 1 kg of maternal weight gain during pregnancy, birth weight increased by 22.4 g (95% CI, 21.5-23.3). These increases were seen across all six categories of pre-pregnancy BMI (Koepp UM [13] ). Offspring birth weight increased with increasing pre-pregnancy maternal BMI and increasing weight change during pregnancy. Similar findings were seen in our study.
Backstrand et al. [24] found that at all periods of pregnancy the best predictors of birth weight were maternal weight and BMI. In pre-pregnancy and in first trimester the BMI had marginally stronger correlations than weight alone.
Plots and multiple regression models suggest that most of this effect of BMI is due to weight, with little independent effect of height. Similarly, Ogunyemi [25] et al. showed that prepregnancy BMI was significant predictor of low birth weight. Evidence indicates that women with low pre-pregnancy BMI are more likely to have smaller infants than heavier women, even when their gestational weight gain is the same (Yucel and Cynar et al. [26] 2009). The present study corroborates these findings.
In a study done in China infants born to 27% of women who were severely underweight before pregnancy (BMI ≤ 18.5 kg/m 2 ) were at increased risk for fetal growth deficits associated with infant morbidity. Compared with a normal BMI, being severely underweight was associated with mean (± SEM) reductions of 219 ± 40 g in infant birth weight and 6.7 ± 1.3% in the birth weight ratio and an 80% increase in risk of intrauterine growth restriction [odds ratio (OR) 1.8; 95% CI: 1.0, 3.3; P =0.05]. Bhattacharya also stated that birth weights less than 2,500 g were more common in underweight women [OR 1.7 (95% OR 1.2, 2.0)]. Ehrenberg et al. [27] (2003) found the association with LBW at a cut-off point of pre-pregnancy BMI <19.8 kg/ m 2 . An Indian study by Bisai [28] showed that cut off value was <21.5Kg/m 2 . In our study cut off value of pre-pregnancy BMI in detecting LBW was 19.5 Kg/m 2 . Hassan et al. [26] in their study found that maternal pre-pregnancy BMI was significantly correlated with neonatal weight, neonatal length, neonatal ponderal index. Mohsen et al. [29] found that maternal pre-pregnancy BMI was positively correlated with neonatal weight, but significantly negatively with neonatal length, neonatal Ponderal index, head circumference, arm circumference and chest circumference in LBW group, while the significance is positive with neonatal Ponderal index, head circumference, arm circumference and chest circumference in normal birth weight group. In our study maternal Pre pregnancy BMI is positively correlated with birth weight, neonatal length, chest circumference, head circumference in both LBW and normal birth weight group and negatively with ponderal index in LBW group and arm circumference in normal birth weight group. Yucel and Cynar also reported that maternal pre gestational BMI was an important factor influencing newborn's birth weight and ponderal index.
In a study done by Li et al. [30] , when compared to women with pre-pregnancy BMI between 18.5 and 24.0, the odds 
Conclusion
Women in the geographic region of the study had low body mass index depicting chronic malnourishment. The main health problem that has emerged from the study is the existence of malnourishment in the obstetric population dating back to poor nutrition in childhood and adolescence finally leading to poor neonatal outcome in the form of high prevalence of low birth weight. The prevalence of maternal obesity was low and there was no macrosomic baby in the study. A BMI below 19.5 kg/m 2 and also above 25 kg/m 2 were good predictors of low birth weight babies.
Maternal BMI had a significant association with birth weight, length, head circumference, arm circumference and chest circumference, thus indicating a need to concentrate on public health interventions in the form of nutritional enhancement of girl child in childhood and adolescence and improved pre-conceptional care to obtain a good neonatal outcome. In spite of its limitations, the present study provides interesting findings and important information which can benefit in planning and implementing maternal and child health services in the region.
Limitations
The present study had a few limitations. Most important was that it was a hospital based study, thus the chances of getting referred cases were high. The majority of women included in the study lived in the surrounding area. The result of this study, therefore may not be completely applicable to women living and delivering their babies in more remote areas of the district.
